Chinese teas with different degrees of fermentation were examined for their effect on diet-induced hypercholesterolemia in rats. The teas tested were Chinese Green tea, Jasmine, Iron Buddha, Oolong and Pu erh. Hypercholesterolemia was induced by feeding rats with a cholesterol-enriched diet for 1 week. They were then treated with different tea extracts together with a cholesterol-enriched diet for another 8 weeks. Chinese Green tea and Jasmine tea, both with a minimum degree of fermentation, were found to have significant serum and liver cholesterol lowering effects. They also reduced the increase in liver weight due to lipid deposition. All tea treatments lowered the atherogenic index and increased the HDL᎐total cholesterol ratio, while HDL-cholesterol and triglyceride levels were not significantly affected. Analysis of catechin levels in tea extracts showed that the individual catechin component in Chinese Green tea and Jasmine tea were significantly Ž . Ž . higher than the others. y -Epicatechin gallate and y -epigallocatechin gallate in the tea extracts may account for their hypocholesterolemic effect.
INTRODUCTION

Ž
. Tea Camellia sinensis is a widely consumed beverage. A variety of pharmacological actions have been reported. It has been observed that tea exerts antiw x w x carcinogenic 1 , antimutagenic 2 and anti-oxidative w x w x effects 3, 4 . Muramatsu et al. 5 have also observed an inhibitory effect of tea catechins on intestinal cholesterol absorption. Catechins are abundant in tea and they may account for up to 30% of the dry w x weight of tea leaves 6 . Its content can vary according to the fermentation method used in their preparation. During fermentation, polyphenol oxidase in tea oxidized catechins into quinones and then condensed to form bisflavanol, theaflavin and thearubigen compounds. Basically tea can be categorized into three types, i.e. fully fermentated, semifermentated and minimal fermentated. In this experiment the effects of five Chinese teas with different degrees of fermentation on lipid metabolism were examined on hypercholesterolemic rats. This was done because a positive correlation of atherosclerosis and coronary heart disease with serum cholesw x terol levels had been established 7 and that cate-U Corresponding author. w x chins could affect plasma cholesterol levels 5, 8 . The catechin levels in these Chinese teas were also quantified so that correlation of its effect on lipid metabolism could be studied.
MATERIALS AND METHODS
General
Male Sprague᎐Dawley rats of 110᎐130 g were used. They were housed in an air-conditioned room at 20 " 1ЊC and 65᎐70% relative humidity with a 12-h light᎐dark cycle. They were given free access to Ž . Purina rat chow Ralston Purina, USA and tap water for 1 week before the experiment. After 1 week of acclimatization, rats were randomly divided into groups and were given different dietary treat-Ž . ments Table I .
Induction of hypercholesterolemia
The time required to induce hypercholesterolemia in rats was determined by monitoring their serum cholesterol level while feeding them with the cholesterol-enriched diet and tap water ad libitum for 10 days. The cholesterol-enriched diet was prepared by adding 1% cholesterol and 0.5% cholic acid to the n, number of animals in each group. Cholesterol-enriched diet contains 1% cholesterol and 0.5% cholic acid in Purina chow. Tea extracts were prepared by soaking 10 g of tea leaves in 500 ml of boiling water for 30 min. After 1 week of acclimatization, all groups except the NC were given free access to a cholesterol-enriched diet and tap water for 1 week in order to induce hypercholesterolemia. During the last 8 weeks of the experimental period, tap water was given to the DM group, 1% nicotinic acid to the PC group, and tea to different tea treatment groups.
Ž
. Purina rat chow Ralston Purina, USA . Rats were starved for 24 h before cholesterol measurement. Serum cholesterol level was determined enzymati-Ž cally with diagnostic kits Cholesterol liquicolor, Human Gesellschaft fur Biochemica und Diagnosticä . mbH, Germany on days 0, 6 and 11.
Tea treatment
Ž .
Rats of the normal control NC group were fed Purina rat chow and tap water ad libitum throughout the 10-week experimental period which included 1 Ž . week of acclimatization. The disease model DM Ž . and positive control PC groups were given a cholesterol-enriched diet, i.e. Purina rat chow with w x 1% cholesterol and 0.5% cholic acid 9 , for 9 weeks immediately after the acclimatization period. Tap water was given to DM and PC rats during acclimatization and in the hypercholesterolemia induction period. After the induction of hypercholesterolemia, w x a 1% nicotinic acid solution 10 was substituted for tap water in the PC group while the DM group was maintained on tap water throughout the rest of the experimental period.
Rats in the tea-treatment groups were treated similarly to the PC group, except that they were given different tea solutions instead of 1% nicotinic Ž . acid Table I . The Chinese teas used were Chinese Ž . Green tea GT, minimum fermentation , Jasmine Ž . tea JT, about 20% fermentation , Iron Buddha tea Ž . Ž IB, semi-fermentation , Oolong tea Oo, about 70%
. Ž fermentation and Pu erh tea PE, fully fermen-. tated . They were authenticated and their quality was the best available on the market. Tea extracts were prepared similarly to human consumption by soaking 10 g of tea leaves in 500 ml of boiling water w x for 30 min 9 . The extracts were filtered before being given to the rats. They were freshly prepared everyday and their daily consumptions were recorded by weight. Food consumption and body weight were determined every 2 days and once per week, respectively.
Enzyme assays
At the end of the experimental period, blood was collected from the tail vein of the rats after 24 h of fasting. The animal was then killed by decapitation. The abdomen was opened and the liver was perfused with ice-cold physiological saline before excision. It was then blotted dry, weighed and frozen in liquid nitrogen. It was stored at y85ЊC until used. Serum was obtained by centrifugation at 4000 rev.rmin for Ž 15 min ICE Micromax, International Equipment . Co., USA .
Serum total cholesterol and triglyceride levels were Ž assayed enzymatically Cholesterol liquicolor and Triglycerides GPO liquicolor, Human Gesellschaft . fur Biochemica und Diagnostica mbH, Germanÿ w x with the methods described by Roeschlau 11 and w x Jacobs and VanDmark 12 , respectively. Serum HDL-cholesterol levels were determined after precipitation of apolipoprotein B containing lipoproteins by phosphotungstic acid and magnesium chlow x ride 13 . The precipitate was removed by centrifugation at 10,000 rev.rmin for 2 min and the supernatant that contained the HDL fraction was subjected to total cholesterol measurement.
Liver cholesterol and triglycerides contents were extracted in accordance to the method described by w x Folch et al. 14 . Liver was homogenised in nine volumes of physiological saline and the homogenate was extracted with a chloroform᎐methanol mixture Ž . 2:1 vrv . The extract was vortexed and then centrifuged to separate the aqueous and organic layers. The lower organic layer was drawn to another test tube and the upper aqueous layer was subjected to the extraction process again. The extraction process was repeated twice and the organic layers from the extractions were pooled. The organic phase was evaporated to dryness under nitrogen gas and resuspended in physiological saline. The cholesterol and triglyceride contents in the suspension were determined with a diagnostic kit. 
Analysis of tea extracts
Statistical analysis
The data were expressed as the mean " SEM and statistical significance was analysed by Student's unpaired two-tailed t-test.
RESULTS
Effects of cholesterol-enriched diet on serum cholesterol le¨el
Hypercholesterolemia was induced in rats fed a Ž . cholesterol-enriched diet Fig. 1 . A significant increase in serum cholesterol levels was observed at Ž . day 6 and 11 P-0.001 , i.e. after 5 and 10 days of feeding, respectively. 
Effects of cholesterol-enriched diet on body weight and food consumption
No significant difference between the percentage increase in body weight was detected among all groups of rats over the 10-week experimental period Ž . Table II . Food consumption was also found to be Ž . similar among all treatment groups Table III , however, rats consumed less tea, except Oolong tea, when compared to the water-treated disease model Ž . DM .
Effects of tea consumption on serum and li¨er lipid profiles
Serum cholesterol levels in the tea-treated groups Ž were found to be lower than the DM group Table  . IV . No change in serum HDL-cholesterol and triglyceride levels were observed in any treatment Ž . groups Table IV . The HDL-cholesterol᎐total cholesterol ratio in all tea-treated groups were sig-Ž . nificantly higher than the DM group Table V . The atherogenic index was also lowered by long-term Ž . consumption of Chinese tea P-0.01, Table V . Ž . Nicotinic acid Positive Control group had no effect on the atherogenic index and the HDL᎐total cholesterol ratio.
A high cholesterol diet induced a dramatic increase in the relative liver weight, liver cholesterol Ž . and triglycerides contents P-0.001, Figure 2 shows HPLC results of the four major tea catechins and their structures. Analysis of tea catechin content in the tea extracts detected a much higher level of catechins in Chinese Green tea and Ž . Jasmine tea Fig. 3 . The major catechins present Ž . were epigallocatechin gallate EGCG , epigallocate-Ž . Ž . chin EGC , epicatechin EC and epicatechin gal-Ž . late ECG . The levels of all the four catechins in IB, Oo and PE are significantly lower than GT and JT. In the case of Pu erh tea, it has the least amount of individial catechins among the five kinds of tea except that its EGCG content is similar to the IB group. There was no significant difference in catechin levels between the Green tea and Jasmine tea, as well as the Iron Buddha and Oolong teas. them with a cholesterol-enriched diet consisting of 1% cholesterol and 0.5% cholic acid. Cholic acid Ž . 0.5% was included since it increases micelle formation and facilitates intestinal absorption of cholesw x terol 16 . Previous studies have shown that diets supplemented with 1% cholesterol and 0.5% cholic acid increased serum cholesterol levels to 89 mg y1 w x dl in 16 days 17 . A 10-day induction period was w x also required by Umeda et al. 18 to produce hypercholesterolemia in rats. In this experiment, it was observed that feeding rats with 1% cholesterol and 0.5% cholic acid for 5 days is sufficient in elevating the serum total cholesterol level to 238 mgdl y1 Ž . P -0.001, Fig. 1 . There was no further increase when the duration of feeding was extented to 10 days, thus a 1-week hypercholesterolemic induction Ž . period was used in this study Fig. 1 .
Catechins content in Chinese tea
DISCUSSION
Hypercholesterolemia was induced in rats by feeding
Cholesterol feeding or tea treatments imposed no adverse effect on the apparent growth of rats as there was no difference in the percentage increase in body weight when compared with the control Ž . Table II . Rats treated with Chinese teas drank less when compared with the tap water-treated DM group and this may be due to the bitter taste of the tea.
Ž . Nicotinic acid 1% was used as a positive control since it is a lipid lowering drug. The recommended w x dosages are from 3 to 6 g daily. Olivier et al. 10 have reported a lipoprotein lowering effect of nicotinic acid in mice when it was administered at 600 mg kg y1 and 900 mg kg y1 doses. A 1% nicotinic acid solution was used in this study since it delivered approximately the same dose of drugs to the rats.
In the present study, it was observed that all Chinese teas tested possess hypocholesterolemic Ž . properties Table IV . Tea treatment decreased hypercholesterolemia and liver cholesterol content in rats fed with a cholesterol-enriched diet. Rats in the DM group, however, developed a fatty liver and the Ž . liver appeared yellowish in color Table VI . This could be due to the continuous accumulation of cholesterol and thus explained the increase in liver weight, liver cholesterol and triglyceride contents. Chinese Green tea and Jasmine tea significantly Ž . lowered the serum cholesterol level Table IV , liver cholesterol content and the relative liver weight Ž . when compared with the disease model Table VI .
All the other tea solutions were ineffective in preventing an increase in liver weight. Chinese Green tea and Jasmine tea were found to have higher Ž . catechin levels than the other teas Fig. 3 , thus it may have a greater inhibitory effect on the intestinal w x absorption of lipids 19 . This may prevent an excessive elevation in serum cholesterol levels and the accumulation of lipids in the liver. The reduction in liver weight and liver cholesterol content may also be explained by the disrupting effect of tea catechins w x on micelle formation 5 . Bile acids can only be re-absorbed from the small intestine in the form of micelle. Tea catechins prevent the re-absorption of bile acids by disrupting the micelle formation and thus increasing bile acid excretion. In order to replenish the loss in bile acids, the conversion of cholesterol to bile acids in the liver will be enhanced and it further reduces the content of liver cholesw x terol 20, 21 .
After 8 weeks of tea treatment, tea extracts were found to reduce the atherogenic index and improve Ž . the HDL᎐total cholesterol ratio Table V . These effects were even better than the positive control group, i.e. those that have been treated with nicow x tinic acid. Lee et al. 22 have also reported that cholesterol feeding lowered the serum HDL᎐total cholesterol ratio. The lowering of the Atherogenic Index could be due to a significant decrease in serum cholesterol levels and a slight increase in HDL-cholesterol levels which has antiatherogenic w x effects 23 . HDL has been demonstrated to transport excess cholesterol from peripheral tissues back to the liver and preventing foam cell formation, therew x fore retarding the progress of atherosclerosis 24 . Apart from the serum cholesterol lowering effect of tea, its anti-oxidative properties could also prevent w x lipid peroxidation 25 and give further protection against cardiovascular attack. Epidemiologic studies w x in Norway 26 showed that the mortality rate from coronary heart disease in people drinking no tea was higher than those drinking one or more cups per w x day. Hertog et al. 27 have also observed an inverse association of mortality from heart disease and the incidence of myocardial infarction with the dietary intake of tea catechins.
Japanese Green tea has also been reported to have a preventive effect on hyperlipidemia and lipid accumulation in the liver and aorta of mice fed a w x cholesterol-enriched diet for 14 weeks 28 . The effect of individual tea catechins towards serum lipid w x parameters has been reported by Matsuda et al. 15 , Ž . they found that orally administered y -epigalloca-Ž . techin gallate and y -epicatechin gallate lowered serum and liver cholesterol in mice fed a high fat emulsion. The amount of catechins in Japanese w x Green tea has been determined by Sano et al. 29 . They found that Japanese Green tea contained Ž . 6.06% of y -epigallocatechin gallate, 1.79% of Ž .
Ž . y -epicatechin gallate, 3.62% of y -epigalloca-Ž . Ž . techin and 2.73% of y -epicatechin Table VII . Chinese Green tea has a similar amount of total catehins when compared to Japanese Green tea, however, Chinese Green tea contained a higher Ž . amount of y -epigallocatechin gallate, an approxi-Ž . mately equal quantity of y -epigallocatehin and a Ž . Ž . less amount of y -epicatechin and y -epicatechin gallate. When only the hypocholesterolemic cate-Ž . Ž . chins, i.e. y -epigallocatechin gallate and y -epicatechin gallate were considered, Chinese Green tea has higher contents than that of Japanese Green tea. It would thus be envisaged that Chinese Green tea may have a better lipid lowering effect than the Japanese Green tea.
Chinese Green tea and Jasmine tea, both of which are of minimum fermentation, have been found to be more effective than the other teas in treating hypercholesterolemia in rats. They prevented the elevation of serum and liver cholesterol as well as the atherogenic index. The HDL᎐total cholesterol ratio was also improved. Non-fermentated tea therefore may be an ideal beverage in retarding the development of hypercholesterolemia.
